The concept of ecosystem services was originally developed to illustrate the benefits that natural ecosystems generate for society and to raise awareness for biodiversity and ecosystem conservation. In this article we identify major challenges and opportunities for ecologists involved in empirical or modeling ecosystem service research. The first challenge arises from the fact that the ecosystem service concept has not been generated in the context of managed systems. Ecologists need to identify the effect of anthropogenic interventions in order to propose practices to benefit service-providing organisms and associated services. The second challenge arises from the need to evaluate relationships between indicators of ecosystem services that are collected in ecological studies while accounting for uncertainties of ecological processes that underlie these services. We suggest basing the assessment of ecosystem services on the utilization of sets of indicators that cover aspects of service-providing units, ecosystem management and landscape modification. The third challenge arises from the limited understanding of the nature of relationships between services and a lack of a general statistical framework to address these links. To manage ecosystem service provisioning, ecologists need to establish whether services respond to a shared driver or if services are directly linked to each other. Finally, studies relating biodiversity to ecosystem services often focus on services at small spatial or short temporal scales, but research on the protection of services is often directed toward services providing benefits at large spatial scales. Ecological research needs to address a range of spatial and temporal scales to provide a multifaceted understanding of how nature promotes human well-being. Addressing these challenges in the future offers a unique opportunity for ecologists to act as promoters for the understanding about how to conserve benefits gained from nature.
The concept of ecosystem services was originally developed to illustrate the benefits that natural ecosystems generate for society and to raise awareness for biodiversity and ecosystem conservation. In this article we identify major challenges and opportunities for ecologists involved in empirical or modeling ecosystem service research. The first challenge arises from the fact that the ecosystem service concept has not been generated in the context of managed systems. Ecologists need to identify the effect of anthropogenic interventions in order to propose practices to benefit service-providing organisms and associated services. The second challenge arises from the need to evaluate relationships between indicators of ecosystem services that are collected in ecological studies while accounting for uncertainties of ecological processes that underlie these services. We suggest basing the assessment of ecosystem services on the utilization of sets of indicators that cover aspects of service-providing units, ecosystem management and landscape modification. The third challenge arises from the limited understanding of the nature of relationships between services and a lack of a general statistical framework to address these links. To manage ecosystem service provisioning, ecologists need to establish whether services respond to a shared driver or if services are directly linked to each other. Finally, studies relating biodiversity to ecosystem services often focus on services at small spatial or short temporal scales, but research on the protection of services is often directed toward services providing benefits at large spatial scales. Ecological research needs to address a range of spatial and temporal scales to provide a multifaceted understanding of how nature promotes human well-being. Addressing these challenges in the future offers a unique opportunity for ecologists to act as promoters for the understanding about how to conserve benefits gained from nature.
INTRODUCTION
The concepts of nature's services (Westman, 1977) or ecosystem services (Ehrlich and Ehrlich, 1981) were originally developed to draw attention to the benefits that ecosystems generate for society and to raise awareness for biodiversity conservation. Since ecosystem services by definition depend on ecological functions, revealing their value should in theory entice managers and policy makers to safeguard those functions. In an early attempt, Costanza et al. (1997) estimated the monetary value of 17 ecosystem services to range from US$16-54 trillion per year, initiating a wave of research on how to value ecosystem services (De Groot et al., 2002; Engel et al., 2008; TEEB, 2010) . Although the valuation of ecosystem services is complex and controversial, the concept has had major consequences for the development of environmental research and policies in the last decades. The Millennium Ecosystem Assessment, in a global assessment of the status and drivers of past and expected future changes in the delivery of ecosystem services, demonstrated the urgent need for research in this field (Millennium Ecosystem Assessment, 2005) .
There is a range of definitions for ecosystem services based on diverging views on how they are generated and linked to human well-being (see Vihervaara et al., 2010 and Seppelt et al., 2011 for reviews) leading to alternative classification schemes (De Groot, 2006; Boyd and Banzhaf, 2007; Zhang et al., 2007; Fisher et al., 2009; De Groot et al., 2010; Haines-Young and Potschin, 2010) . The term "ecosystem services" was originally intended to highlight both direct and indirect benefits humans obtained from nature (Daily, 1997) . The risk of double counting in economic valuation later motivated some researchers to advocate that the term should be restricted to the final benefits obtained by humans (Boyd and Banzhaf, 2007) . De Groot et al. (2002) , for example, integrated information from ecology and economics to propose a comprehensive concept that described, classified, and valued ecosystem functions and the resulting final goods and services provided by natural and semi-natural systems. However, the Millennium Ecosystem Assessment (2005) explicitly considered supporting ecosystem services as ecosystem functions underlying other ecosystem services, i.e., provisioning services (products obtained from ecosystems, e.g., food, fiber, and water), regulating services (benefits obtained from regulation of ecosystem processes, e.g., climate regulation, flood regulation) and cultural services (non-material benefits people obtain from ecosystems, e.g., recreational, aesthetic and spiritual benefit). In contrast, the global initiative "The Economics of Ecosystems and Biodiversity" (TEEB, 2010) to value biodiversity, considered supporting services as ecological processes, but instead added habitat services as an additional concept.
Ecologists have an important role in ecosystem service research, because services irrespective of the definition and classification are related to organisms and their interactions with the environment (Feld et al., 2009) . Hence, the focus of an ecologist is particularly at the role of biodiversity and ecosystem functions underpinning the services and goods directly appreciated by humans, i.e., the intermediate ecosystem services in the terminology of Fisher et al. (2009) . It is these functions which remain invisible and risk being underprovided if research does not reveal their contribution to the final services. For example, several ecosystem services are linked to distinct groups of organisms ("service-providing units"; Luck et al., 2003) . Examples include biological control of pests (performed by natural enemies) and pollination (performed by pollinating insects) which both contribute to agricultural yields, carbon sequestration (performed by soil organisms) that contributes to climate regulation, reduction of water flows (performed by vegetation) that contributes to flood control and the intrinsic value of biodiversity (Mace et al., 2012) . Changes in population size or community composition of these service-providing units in response to anthropogenic activities often affect intermediate and therefore also final ecosystem services (Raffaelli and White, 2013) . In fact, human impact has been identified as the main driver of changes in ecosystems and associated services (Millennium Ecosystem Assessment, 2005) . Consequently, information about effects of land-use change on service-providing units and associated ecosystem services is increasingly demanded by managers and policy makers in order to promote the sustainable use and continuous provision of services (e.g., by the conference of the parties to the convention on biological diversity; CBD, 2010).
Understanding interactions between ecosystem properties and processes is a basic domain of ecology and is crucial to map and manage final ecosystem services. However, there are major challenges facing ecologists engaged in this field. First, ecosystem services are by definition determined by the interaction between ecological and social systems, because only ecosystem processes that contribute to the fulfillment of human needs are ecosystem services. This requires ecologists to work with scientists from other disciplines when trying to understand how ecosystems contribute to human welfare. Second, attempts to use the concept to quantify management consequences on ecosystem functions and resulting changes in the economic value of goods and services may oversimplify complex interactions in social-ecological systems (Norgaard, 2010) . For example, monetization of nature's services may result in better management of some services, but still underestimates the value of preserving ecosystem functions for long-term sustainability (Sterner and Persson, 2008) . Some services may also fail to become incorporated into an optimization framework, such as conservation of biodiversity per se, because they are not transactable (Mace et al., 2012) . A fundamental understanding of the ecosystem processes responsible for ecosystem services, including the contribution of organisms to these processes, is a necessary part of ecosystem service research and involves both challenges and opportunities to ecologists (e.g., Hails and Ormerod, 2013) .
CHALLENGES AND OPPORTUNITIES
By understanding the links between natural and social systems, ecosystem service research aims at developing more sustainably managed ecosystems (Daily et al., 2009) . Although this framework may appear oversimplified (Braat and De Groot, 2012) , and ecological-economic modeling may better represent socialecological systems (Reyers et al., 2013) , it shows the inherently cross-disciplinary character of ecosystem service research. Here we focus on some selected conceptual, methodological, and statistical challenges arising in empirical ecological studies and associated modeling approaches to ecosystem service research based on our experiences as ecologists and landscape planners (Garibaldi et al., 2013; Lundin et al., 2013; Setälä et al., 2014; Ekroos et al., 2014; Früh-Müller et al., 2014) . We further provide recommendations about how to deal with these challenges by highlighting opportunities for ecologists to contribute to ecosystem service research in the future. In the following sections, we discuss challenges for ecologists in ecosystem service research when dealing with anthropogenic modifications of ecosystems (challenge 1), assessment of services (challenge 2) including statistical pitfalls and issues of causality when analyzing relationships between multiple ecosystem services (challenge 3) and spatial and temporal scales at which services are provided and/or managed (challenge 4; see Table 1 for an overview of the challenges addressed).
CHALLENGE 1: UNDERSTANDING ANTHROPOGENICALLY MODIFIED SYSTEMS
Initial accounts focused on ecosystem services provided by natural systems (Westman, 1977; Daily, 1997) , while ecosystem services associated to managed ecosystems have only received attention later (e.g., Tylianakis et al., 2007) . Ecologists need to communicate that the concept of ecosystem services is useful to understand how management of human-modified landscapes affect both the production of goods and environmental externalities. For ecologists working in such anthropogenically modified systems (e.g., agricultural landscapes, production forest or urban areas) challenges arise in (i) the identification of human impact on service-providing units and associated ecosystem services and (ii) considering effects of landscapes surrounding land units that provide ecosystem services.
Ecosystems that are managed to produce food, fuel or fiber or local public infrastructure comprise large proportions of the world's terrestrial surface, e.g., almost half is used for agricultural areas, and almost half of the human population inhabits urban ecosystems (FAOSTAT, 2014) . The consequences of human impact for biodiversity and ecosystem service delivery vary both qualitatively and quantitatively depending on system properties and land-use intensities. Consequently the management options to sustainably supply ecosystem services vary as much, requiring ecologists to widen the kind of ecological systems studied beyond the traditional domain of ecology. Intensive agricultural management, for example, may lead to high crop yields (final services), but intensively managed fields often have simplified communities of service-providing units and hence low levels of intermediate services such as biological control by natural enemies or pollination (Médiène et al., 2011) . To increase final service delivery, but also to compensate for the loss of intermediate services, anthropogenic management is often intensified (e.g., pesticide application; Médiène et al., 2011) . Given the negative environmental externalities of some intensive management strategies (e.g., groundwater pollution and resource depletion), alternative management strategies that integrate intermediate services by promoting service-providing units are an opportunity to sustainably ensure crop production and to reduce reliance on anthropogenic interventions . Only a comprehensive perspective, that considers the response of all components of agricultural systems (biodiversity, intermediate, and final ecosystem services) to management will help to communicate the overarching importance of ecosystem service management. Urbanization, as a second example, may lead to increases in plant diversity as a consequence of increased habitat heterogeneity, but due to habitat fragmentation negatively affect species that rely on large habitats (Kowarik, 2011) . Urban planning that considers the installation of green infrastructure in cities such as street trees and parks may benefit biodiversity and numerous ecosystem services (e.g., air filtration, water regulation, and noise reduction; Bolund and Hunhammar, 1999) . Ecologists can directly contribute to ecosystem service research and support policy decisions, not only by evaluating human impact, but also by proposing anthropogenic interventions to benefit service-providing units and ecosystem services.
From a landscape perspective, the expansion of sites under human land use (e.g., agricultural fields, pastures and urban areas) at the cost of losing (semi-)natural land may lead to landscape simplification and fragmentation (Tscharntke et al., 2005) . In agricultural landscapes, for instance, arable fields provide the final service of crop production, but constitute disturbed and ephemeral habitats, while many species associated with intermediate services (e.g., pollinators or biocontrol agents) depend on less disturbed habitats in the surrounding landscape (e.g., hedges or uncultivated field borders; see also challenge 4 and Table 2 ). Wild bees are one such example (Garibaldi et al., 2013) , as these service providers maintain higher levels of crop pollination in the vicinity of semi-natural habitats (Garibaldi et al., 2011) . Such context dependency has also been shown for biological control, which is predicted to be higher in more complex landscapes (Bianchi et al., 2006) . Hence, to account for complex interactions with complementary habitat types or non-linear relationships to habitat area (Jauker et al., 2009 , see also Hauck et al., 2013) , a simple mapping from the extent of different habitat types may not suffice, but instead a spatially explicit landscape perspective on ecosystem services is needed.
CHALLENGE 2: ASSESSING ECOSYSTEM SERVICES
Instruments for assessing ecosystem services, including quantification, mapping and modeling, are a matter of debate in ecosystem service research (e.g., Carpenter et al., 2009; Feld et al., 2009; Hou et al., 2013) . From the perspective of an ecologist Table 2 | Examples for biological control measures from the literature and proposed categorization in service-providing units, ecosystem modification (e.g., an agricultural field) and landscape modification (i.e., an agricultural landscape; see also challenge 2).
Category Measure References
Serviceproviding units* Predator density Menalled et al., 1999; Letourneau et al., 2009 Pest density Mols et al., 2007 Predator richness Duelli and Obrist, 2003 Species composition of pests and predators Bastian et al., 2013 Pest consumption rates Ingegno et al., 2013; Shrestha and Parajulee, 2013 Pest reduction Schmidt et al., 2003; Diehl et al., 2013 Ecosystem modification challenges in assessing ecosystem services arise from the need (i) to evaluate relationships between services and the kind of measures usually collected in ecological studies (e.g., species richness) and (ii) to account for the characteristics of ecological processes (e.g., dynamics, feedbacks, and uncertainties) in statistical models focusing on service provision. Final ecosystem services are often directly assessed, but such assessment does not provide information about contributing ecological processes or how management could be adapted to increase service provision. A mechanistic understanding of relationships between management and ecosystem services is required to transfer management recommendation outside the context where data were collected. This includes the assessment of the contribution of intermediate ecosystem services and how they are affected by management. The assessment of intermediate services is often more costly and time-consuming than for final services. This partly stems from the lack of proxies for ecological functions and the fact that links between ecosystem functions and final services may be context dependent, e.g., depend on spatial association (Tixier et al., 2013) or ecosystem type (Feld et al., 2009 Kremen et al., 2002) , indicators of service provision (e.g., dung removal by dung beetles; Gollan et al., 2013) and proxies that are indirectly linked to ecosystem services (e.g., proportion of semi-natural habitats in the surrounding of a focal field; Rusch et al., 2012) . During the past decade, there has been considerable effort in developing instruments to perform assessments of ecosystem services, but measuring ecosystem services based on scientific standards is still not trivial (Carpenter et al., 2009 ).
For instance, predator species richness has been used to indicate levels of biological control (e.g., Duelli and Obrist, 2003) , even though the effect of predator richness on prey is still debated (Bruno and Cardinale, 2008) . The direct quantification of intermediate services is challenging, as complex biotic interactions and environmental conditions may alter service provision. Biological control of arable weeds can, for example, be estimated by quantifying seed removal from seed cards (e.g., Jonason et al., 2013) . However, such estimates are difficult to scale up to a whole field or farm. Pollination of potted plants, so called phytometers, is a promising technique to estimate pollination potential (Woodcock et al., 2014) , but uncertainty remains about how the pollination success of a small number of potted plants reflects pollination of crops (cf. Sih and Baltus, 1987) . Ecologists, in collaboration with agricultural and forest scientists, thus need to identify scientifically sound ecological measures that are reliable indicators of ecosystem service provision.
As a first and simple step to account for the characteristics of processes underlying service provision, it is suggested here to choose among a small set of measures that form joint, reliable indicators of an individual service. The following example illustrates why the selection of a set of indicators may be superior to the use of a single indicator using the ecosystem service of biological control (see also Kandziora et al., 2013) . Processes underlying the service of biological control are related to service-providing units (predators and parasitoids), units that provide a disservice (pests; Letourneau et al., 2009 ) and both groups of organisms are altered by anthropogenic interventions at the spatial scale of fields (Médiène et al., 2011) and landscapes (Bianchi et al., 2006) . The assessment of biological control may therefore be improved if a small set of selected measures is included that covers aspects of service and disservice-providing units (e.g., pest consumption rates), ecosystem management (e.g., insecticide applications) and landscape modification (e.g., proportion of semi-natural habitats in the surrounding landscape; Table 2 ). Consideration of abiotic variables such as climate (Diehl et al., 2013) or soil characteristics (Birkhofer et al., 2008 ) will add to the explanatory power of this set of measures.
Ecosystem service research is particularly focused on predicting the consequences of future management options. Statistical models can be used to identify driving forces of changes in service provision and to predict system shifts and fluctuations in service provision as a consequence of environmental change and anthropogenic intervention (Evans et al., 2012) . Simple statistical models (e.g., regression) are based on interpolations along existing gradients and cannot provide predictions about levels of ecosystem services under future conditions outside of these gradients. In contrast, process-based models are based on the assumption that essential features of ecological processes can be extrapolated to conditions not currently observed. These models rely on knowledge about the dynamics of ecological processes, i.e., intermediate ecosystem services, including interactions, feedbacks, and uncertainties (Nicholson et al., 2009 ). For example, models based on the food and nestling requirement of bees can be used to predict pollinator abundance across landscapes because fundamental assumptions about bee behavior hold under novel conditions (Kennedy et al., 2013) . In this context, climatic conditions deserve particular attention, since climate change will have a strong impact on service-providing units, intermediate and final ecosystem services (Montoya and Raffaelli, 2010; Birkhofer and Wolters, 2012; Diehl et al., 2013) . Predictions of future changes will only be possible if studies address this aspect by using mechanistic models (e.g., Schröter et al., 2005; Jönsson et al., 2014a) . For example, recommendations about forest management under a changing climate can be based on a dynamic vegetation model that uses basic characteristics of tree growth to predict consequences of alternative silvicultural regimes (Jönsson et al., 2014b) . However, mechanistic models are never better than the theories and empirical data underpinning them and the development of models with predictive power is a challenge for ecologists.
The quantification of uncertainty in predictive modeling requires critical evaluation (Cheaib et al., 2012) and ecologists need to account for uncertainty particularly if (i) multiple sources contribute to uncertainty (e.g., model and parameter uncertainty; Barry and Elith, 2006) , (ii) uncertainties result from combinations of different sources (e.g., statistical relationships and expert knowledge; Krueger et al., 2012) and (iii) new information necessitates an update of the models (e.g., in Bayesian frameworks; Ricketts et al., 2008) . Mapping of ecosystem services is fraught with multiple uncertainties stemming from uncertainty in the ability to capture relevant processes as well as translating and scaling mapped information (Hou et al., 2013) . The evaluation of uncertainty, the integration of knowledge about evolutionary aspects and human impacts into the development of processbased models and their coupling with socio-economic models are important fields of future research to which ecologists need to contribute (e.g., Polce et al., 2013; Van der Biest et al., 2014) .
CHALLENGE 3: ANALYZING RELATIONSHIPS BETWEEN ECOSYSTEM SERVICES
Ecosystem services may demonstrate joint variation, either synergistic or antagonistic, in space and time. The interpretation of such patterns between multiple ecosystem services (more than two) has become an intensively debated subject (Cimon-Morin et al., 2013) and multi-ecosystem service models that link service provision and trade-offs are rapidly emerging (for a review see Nelson and Daily, 2010) . Such joint variation may also concern relationships between beneficial ecosystem services and so called ecosystem disservices, for example environmental externalities such as water pollution (Zhang et al., 2007) . Ecologists can contribute to the analyses of joint variation of services and disservices by identifying the underlying mechanisms that explain relationships between services and their response patterns to environmental change. For instance, the marginal contribution of enhancing pollination on crop yield may partly depend on the level of other ecosystem services, with highest yield under a simultaneous increase of pollination and biological control (Bos et al., 2007; Lundin et al., 2013) . Rodríguez et al. (2006) and Bennett et al. (2009) argued that it will only be possible to make informed decisions and avoid unexpected outcomes if relationships between services are better understood. Alterations of a single ecosystem service by agricultural management can, for example, have unintended effects on other services and a better understanding of such unexpected relationships will safeguard human societies against the consequences of sudden regime-shifts in ecosystems (e.g., Gordon et al., 2008) .
Improving the understanding of the relationships between ecosystem services poses two major challenges to ecological research: (i) drawing conclusions about relationships between ecosystem services by understanding if relationships are indirect through shared environmental drivers or direct because one ecosystem services causally affects another and (ii) solving issues of visualization and statistical testing when analyzing relationships between multiple (more than two) ecosystem services.
To be able to predict the consequences of environmental change as drivers of changes in ecosystem services, it is important to distinguish between indirect and direct relationships (Bennett et al., 2009; Lautenbach et al., 2010) . Both direct relationships (if services are related to each other) and indirect relationships (if services are related through a driver) can lead to synergies and trade-offs between the services (Bennett et al., 2009) . Ecosystem services may be directly and causally linked, because one ecosystem service directly interacts with another ecosystem services ( Figure 1A, direct relationships) . For example, fertility of agricultural soils (service 1) is directly and positively linked to crop yields (service 2; Lal, 2005) . Given this direct relationship and assuming the absence of other driving forces, a manipulation of one service (e.g., increase soil fertility by adding manure) would directly increase or decrease the second service (e.g., increase crop yield). However, ecosystem services may be statistically associated, negatively or positively, because their underlying drivers are related ( Figure 1B ; indirect relationship). Water retention (service 1) and landscape beauty (service 2), for example, may be statistically associated, because the proportion of urban area that reduces water retention (driver 1) may be negatively related to the proportion of semi-natural land (driver 2; Raudsepp-Hearne et al., 2010) that increases landscape beauty. In this case, manipulation of one service (e.g., increasing water retention by leaving out joints between paving stones in urban areas), will not affect the second service (e.g., landscape beauty). In contrast, manipulation of one driver (e.g., reduce the area of semi-natural land), may affect the second driver (e.g., increase the proportion of urban areas) in the absence of other drivers (e.g., other landuse types) and thereby affect both services (e.g., reduce water retention and landscape beauty). Finally, services may also be correlated because of independent responses to a common driver ( Figure 1C, indirect relationship) . Pollination of crop plants (service 1) and pest control in crop fields (service 2), for example, are both increased by the proportion of semi-natural habitats surrounding crop fields (driver 1; Bianchi et al., 2006; Garibaldi et al., 2011) . In addition, pollination is affected by the proportion of nesting habitats (driver 2; Ricketts et al., 2008) . Given this indirect relationship, increasing one service (e.g., pest control by augmentation of natural enemies) would not affect the other service (e.g., pollination). Manipulating the shared driver (e.g., increasing the availability of semi-natural habitats around a focal field by sowing flowering strips), will increase both services (e.g., pollination and pest control), while affecting the non-shared driver (e.g., availability of nesting habitats) will only affect one service (e.g., pollination).
In the literature, both types of relationships are frequently labeled "interactions" independent of their correlative or causal nature (Seppelt et al., 2011) . Services that show comparable or contrasting responses are then characterized in terms of synergies or trade-offs and grouped as "bundles" (Raudsepp-Hearne et al., 2010) . It is without doubt important to describe relationships between multiple services independent of what causes statistical associations (Tallis et al., 2008; Power, 2010; Maskell et al., 2013) . However, the ability to manage situations in which multiple drivers act on multiple services would benefit from an improved understanding of the relationships between individual services (indirect or direct), their relationships to drivers and the processes that affect both relationships (Lautenbach et al., 2010) . To manage ecosystem service provisioning, planners and decision-makers need to know if ecosystem services respond to a shared driver or if services are directly linked to each other. If services respond independently, but contrastingly to a single shared driver, better ecological understanding of the individual relationships between the driver and the services will help to identify management strategies that mitigate trade-offs between services. If services are directly linked to each other, improving management becomes more complicated as in addition to the relationship between services and the driver, interactions between services need to be considered. We therefore encourage ecologists to not only investigate the relationship between services and various drivers, but to also test for direct relationships between multiple ecosystem services. Conclusions about direct links between ecosystem services can be derived from studies using large, replicated datasets in approaches that implicitly model direct and indirect effects of anthropogenic interventions on service provision (e.g., structural equation models, Gamfeldt et al., 2013) , but also from direct experimental tests of ecosystem service relationships (e.g., Lundin et al., 2013) . Together, these approaches, coupled with the development of mechanistic models (e.g., InVEST model, http://www. naturalcapitalproject.org), will contribute to an improved management of ecosystems for the provision of multiple services in the future (Tixier et al., 2013) .
To study relationships between two or three ecosystem services techniques such as correlation analysis (Figure 2A; e.g., Raudsepp-Hearne et al., 2010) or linear mixed effect models (Figure 2B ; e.g., De Vries et al., 2013) can be used. Efficiency frontier analyses (Nelson et al., 2008) or landscape optimization approaches (Lautenbach et al., 2010) are then often used to identify solutions for the simultaneous provision of services. It may be important to consider multiple services in the same analytical framework, as it is likely that most services observed in a study are related to each other. Simple spider web or flower diagrams can be used to illustrate relationships between several services (Figure 2C ; e.g., Foley et al., 2005) . For the purpose of relating multiple services to drivers in a single analytical framework, the frequent use of principal component analysis is notable (Figure 2D ; e.g., Raudsepp-Hearne et al., 2010; Maes et al., 2011; Maskell et al., 2013; Martín-López et al., 2014) . However, since relationships between ecosystem services in response to a driver can be non-linear, asymptotic, unimodal or characterized by tipping points (e.g., Maskell et al., 2013) , it should be noted that the quality of principal component analysis entirely depends on if relationships between variables are linear (McCune et al., 2002) . The use of this method should therefore be constraint to datasets in which relationships between multiple services are approximately linear (see also Quinn and Keough, 2002) . Among the alternative methods to visualize trade-offs between multiple services in one analytical framework, principal coordinates analysis holds potential as it allows for the analysis of non-linear relationships (Legendre and Legendre, 2012) . Partial least squares regression is another promising technique to analyze relationships between intermediate ecosystem services based on empirical data (e.g., Haenlein and Kaplan, 2004) .
CHALLENGE 4: CONSIDERING APPROPRIATE SPATIAL AND TEMPORAL SCALES
Scale is a contentious issue in ecosystem service research, because ecological processes are fundamentally scale dependent (Levin, 1992) and a large number of diverging approaches to study spatial scales in ecological research adds to this complexity (e.g., Blackburn and Gaston, 2002) . This potentially impedes the integration of different research fields (e.g., Lima and Zollner, 1996) particularly in a multidisciplinary context such as ecosystem service research . Compared to spatial scales, temporal aspects have received remarkably little attention in ecosystem service research (Kremen, 2005) . Most of the existing ecological knowledge on ecosystem processes is based on investigations covering short periods of time (e.g., Cardinale et al., 2009) . A better understanding of the (i) spatial and (ii) temporal scales at which the provision of ecosystem services is affected by environmental change or anthropogenic interventions is needed to satisfy the growing public and political demand for sustainable land use (Tilman et al., 2002) . It is a major challenge for ecologists to scale up from experimental plots to scales that are relevant for the management of most ecosystem services (Cardinale et al., 2012 ; Figure 3) . These plot-level studies can often not account for the heterogeneity of complex landscapes and therefore may not provide adequate empirical data about ecosystem service provision from major land-use types in a landscape. Studies relating biodiversity to ecosystem services often focus on ecological processes and intermediate ecosystem services at small spatial scales (Cardinale et al., 2012) . In contrast, research on spatial prioritizations for the protection of ecosystem services (Luck et al., 2012 ) is biased toward services providing benefits at large spatial scales. This suggests that there is a mismatch between species-oriented ecological research dealing with mechanisms underlying the provision of services, and conservation-oriented research identifying hotspots in space for particular services (Figure 3 ). Coupling these two research approaches is critically important to improve the understanding of ecosystem service provision across real landscapes. The scale of ecological processes is relevant to ecosystem service research, because of the need to account for the spatial relationship between generation and consumption of ecosystem services (Fisher et al., 2009) . One approach to account for this goal is based on spatially explicit modeling of ecological production functions (e.g., Kremen et al., 2007; Nelson et al., 2009; Jonsson et al., 2014) . In addition, ecological functions underlying final ecosystem services may depend on the spatial scale at which management is applied (cf. Leibold et al., 2004) . This generates context dependent responses of management interventions (Tscharntke et al., 2012) . For example, populations of serviceproviding units may only maintain viable sizes given that enough habitats are preserved across multiple land-owners (Drechsler et al., 2010) . Hence, to optimize ecosystem service provision at larger spatial scales, the identification of conditions under which land-owners benefit from co-operation will be an important future topic in ecosystem services research (e.g., Stallman, 2011; Sutherland et al., 2012; Cong et al., 2014) . In addition, ecological research needs to cover the relevant spatial scales at which multiple ecosystem services are efficiently managed (see also Mastrangelo et al., 2014) . Scaling up models for individual ecosystem services in space is certainly one of the major challenges (Stuart and Gillon, 2013) , but it is also crucial to account for relationships between services that are caused by interactions between services or anthropogenic interventions at different spatial scales (e.g., management by farmers at local scales and policy makers at broader scales, Tixier et al., 2013 ; see also challenge 3.3).
It is essential to understand the temporal dynamics of service provision for the development of sustainable management and conservation strategies. For example, the quality of provision of an ecosystem service may not only depend on its average provision over time, but also on its variation over time (Mori et al., 2013) . It is therefore important to assess the stability of ecosystem service provision in simplified ecosystems, where losses of ecosystem resilience to disturbances can be expected to be strongest Tscharntke et al., 2012) . In addition, lageffects of management decisions may make ecosystem service losses only apparent a long time after the anthropogenic intervention (Millennium Ecosystem Assessment, 2005) . Such lag-effects may be further accentuated by climate change, where loss of biodiversity may reduce resilience of critical functions (cf. Elmqvist et al., 2003) . We therefore need long-term estimates of ecosystem service provision to better understand how inter-annual variation in environmental conditions, such as climate change, affects the magnitude and stability of service provision. However, the timespan of ecological research is often constrained to a few years due to generally short funding periods. Such short research periods will fail to provide reliable estimates of altered behavior of serviceproviding units in response to climate change (e.g., Mooney et al., 2009 ). The few long-term studies, such as the Cedar Creek experiment in the US (Siemann et al., 1998) or the Biodiversity Exploratories in Germany (Fischer et al., 2010) , deliver fundamental insights into biodiversity and ecosystem functioning over longer temporal scales. We call for more such approaches to get a better understanding of both long-term changes and temporal variability of ecosystem service provision.
CONCLUDING REMARKS
Although the ecosystem service concept is based on an ecological understanding of ecosystems, ecologists are confronted with a range of challenges when researching ecosystem services. This is partly explained by the wide variety of terms and definitions from different scientific disciplines as well as a lack of generally accepted assessment methods, difficulties with analytical and modeling methods and mismatches of spatial and temporal scales between service provision and anthropogenic interventions. Ecologists need to adapt their perspective and methods to a larger societal context for the improvement of ecosystem service research. Particular emphasis needs to be directed toward supporting decision makers with relevant information about service-providing units and mechanisms underlying the provision of services at appropriate temporal and spatial scales. To conclude, ecosystem service research is challenging for ecologists, but developing a multifaceted understanding of how nature promotes human well-being is crucial for the sustainable use of the earth's resources. Ecosystem service research offers ecologists the unique opportunity to act as promoters for the understanding of how to conserve and sustain benefits gained from nature.
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